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Boeing is committed to action on carbon 
neutral growth in its commercial products

– ATAG 2008 industry 
declaration for 

action on climate 
change

“…we are committed to a 

pathway to carbon-

neutral growth and aspire 

to a carbon-free future.”
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• Maturity measured on the NASA Technology Readiness Levels (TRL) 
• TRL 6 “Technology Ready” necessary for product application 

consideration
• Technology selection for new products typically occurs 3 - 6 years 

prior to airplane Entry Into Service (EIS)

Technology Maturity Levels
Timeline to airplane incorporation

BASIC 
RESEARCH

TECHNOLOGY DEVELOPMENT SYSTEM/SUBSYSTEM DEVELOPMENT READINESS FOR 
PRODUCTION

TRL 1 TRL 2 TRL 3 TRL 4 TRL 5 TRL 6 TRL 7 TRL 8 TRL 9 TRL 10

Technology 
Ready EIS

3 to 6 yearsUp to 10 years for major technologies
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Demonstrators help accelerate technology maturity

787-8Noise reducing chevrons were
developed during the Quiet 
Technology Demonstrator 

Program 

747-8
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Boeing’s CLEEN Program

2010 2011 2012 2013 2014

ATP Flight Demo 1
Jun Aug Aug

Flight Demo 2 Final Report
JulOct

CMC 
Ground Test

ATE 
WT Test

Feb

Three Technologies:
- Alternative Fuels: Aromatics, Seals
- Adaptive Trailing Edges
- Ceramic Matrix Composite Nozzle

One Ground test
2011: Trent1000 (CMC)

Two Flight Demonstrations:
2012: 737-800  (ATE)
2013: 787-8      (CMC)
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ecoDemonstrator

 CLEEN is also the foundational element/enabler of the Boeing 
ecoDemonstrator strategy for [airframe] technology demonstration 
strategy.

 Vision:
• Accelerate technology maturation
• Build & integrate more rapidly

 Model:
• A continuum of technology demonstrations 
• Working together: industry, suppliers and government
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• Opportunity for the partner airline
• Airline opportunity to demonstrate environmental commitment 

through highly visible flight test program
• Airline contribution is generally by allowing use of airplane prior to 

delivery
• Requirements

• 737-800 in 3Q2012
• Expected duration of use ~2.5 months

• Approach
• Airplane will be modified, flight tested and returned to delivery 

condition by Boeing
• Test parts and flight test instrumentation will be installed and

removed
• Modifications to the airplane will be returned to certified condition 

using Boeing approved repair procedures

Airplane Sourcing for 2012
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Technology Tests / Demonstrations

2010 2011 2012 2013 2014

ATP Flight Demo 1
June Aug Aug

Flight Demo 2 Final Report
JulyOct

CMC 
Ground Test

ATE  LS
WT Test

Feb

Low Speed, High RN
QinetiQ 5m tunnel

1Q11

737-800   w/ ATE
Aug/Sept 2012

787-8   w/ CMC
Aug/Sept 2013

CMC Ground Test
Under wing -or- Stand

Oct/Nov 2011
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Objective:
Reduce overall CO2 footprint, and reduce dependence on petroleum, by maturing 
technology to allow alternative fuel use for commercial flights with fuels with a 
greater than 50% blend.

Work Statement:
 Assess the compatibility of synthetic paraffinic kerosene (SPK) fuels with non-

metallic materials used in commercial aircraft fuel systems
 Assess effect of the type and concentration of the aromatic compounds on material 

properties (e.g. seal swell)
 Generate data to help industry determine:

Effects of aromatic compounds on fuel system polymeric materials
Evaluate which aromatics we’d prefer to see produced from future processes

Potential Transition: Aviation Fleet

Alternative Fuels - Objective
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Volume Swell of Alternative Fuels

Project Overview:
•Measure composition of fuel absorbed by materials 
for a variety of fuels/blends

•Establish statistical bounds for behavior of typical 
fuel system material

•Conduct volume swell tests for common 
components such as O-rings, sealants,  and coatings

•Provide a basis for risk identification and mitigation

• Future alternative fuels approved for 
commercial flight for blends beyond 50%. 

• Reduced dependence on petroleum
• Reduced total CO2 footprint is possible.

Volume swell for given exposure time of different materials shown in the left panel.  Optical dilatometry
system used to measure the swell is shown in the right panel.

Benefits:
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Alternative Fuels

Fuel Aromatics

SRI-1 8.7%

4597 15.0%

5245 15.5%

3166 17.6%

4598 17.6%

4600 17.7%

4658 17.7%

4626 17.9%

5661 18.1%

4877 19.6%

4599 19.9%

3602 23.1%

SPK-1 0.0%

SPK-2 0.0%

SPK-3 0.0%

SPK-4 0.0%

Material Purpose

Nitrile Gasket, o-ring

Nitrile

Gasket, o-ring, 
extracted 
plasticizer

Polysulfide 
Lightweight Sealant

Epoxy BMS 10-20 Coating

Fluorosilicone Gasket, o-ring

Nylon Film

Kapton Film

LowTemp
Fluorocarbon Gasket

Polythioether Sealant

BMS 10-123
Paint

fuel tank 
coating

Fluorocarbon
(regular) Gasket

Task 2:  Volume Swell of Reference Fuels

Task 3:  Analysis of Absorbed Fuel

Task 4:  Volume Swell of 50% blends

Task 5:  SPK blended w/ Aromatics

Phase 1
(Compete)

Task 6:  Analysis and Reporting

Phase 2
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Alternative Fuels - Next Steps

Complete Testing
Publish Results 
 Spring 2011

Support Development of ASTM  D7566 approval for 50% 
bio-SPK
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Oxide CMC Nozzle - Technology Need

• Platforms challenged by hotter engines & tighter noise restrictions
• Impact to Exhaust & Nacelle Packaging (Propulsion Integration)
• SOA titanium exhausts at performance limits
• Superalloy alternatives add weight

• CMC improvements relative to SOA
• Material thermal margin
• Component weight savings 
• Acoustic Attenuation
• Life

CMCs may enable hotter more efficient engines

1982 1987 1992 1997 2002 2007
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Objective: Develop and demonstrate an acoustic ceramic matrix composite 
exhaust nozzle to TRL 7 through a building block approach

 Baseline Engine: Trent 1000 engine

 Baseline Material: 2D N610/AS Oxide-Oxide CMC

 Potential Transition: New Boeing Products & Derivatives

 Key Milestones/Events
 TRL 5: Subcomponent fabrication & test 

 TRL 6: Full-scale engine ground test of oxide CMC CB & Nozzle

 TRL 7: Flight test of full-scale oxide CMC CB & Nozzle

10/27/2010

Oxide CMC Exhaust Nozzle

Centerbody
Nozzle

92”
31”

63”
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2010 Accomplishments & Next Steps

2008<2007 2009 2010 2011

DSAJJMAMFJ O N

2012 2013

GTD 
Fab

GTD 
Test

(TRL 6)

T-58 
Test

FTP
CDR

FTP 
Fab

FTP on
ETD2 Flt 
(TRL 7)

Subcomponent  Fab
for TRL 5 Test 

CLEEN CMC 
Nozzle PDR

CMC 
Structural & Acoustic

Sandwich 
Development

Large Panel 
Acoustic Test @ LaRC

Forward Joint 
Element Test

Demo
Cylinder

Boeing Proprietary –
Limited to Boeing, Georgia Tech, and Government Personnel Only

Export Controlled under EAR, U.S. Pewrsons Only

GTD
CDR
(TRL 5)

NASA GRC 
Burner Rig

Test

Demo
Cylinder
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CLEEN Oxide CMC Nozzle Summary

• Successful Joint & Acoustic 
Element Tests

• Preliminary Design Complete

• Detail Design in-work

• TRL 5 Subcomponent Test 1Q2011

• TRL 6 Ground Test 4Q2011

• TRL 7 Flight on Eco2 3Q2013
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Objective:
Improve airplane fuel burn and noise through the use of adaptive
trailing edge edges.

Work Statement:
 Evaluate airplane performance improvements through the use of 

ATE devices
 Develop actuation systems for ATEs
 Demonstrate actuation and control system through flight test 

program.

Potential Transition: New and Derivative Airplanes

Adaptive Trailing Edges - Objective
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Adaptive Trailing Edge Goal

Develop and validate by full-scale flight test on 737-800 an adaptive 
trailing edge system relevant to new and derivative commercial 
airplanes capable of tailoring wing performance to reduce noise 
and fuel burn at different flight regimes
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Adaptive Trailing Edge Elements

“Gurney Flap” used in race car applications in early 1970’s
(although similar devices applied to aircraft since 1930’s)

ATE’s utilize small devices on airfoil trailing edges to 
alter sectional aerodynamic performance

Other device types can be employed,
with variations in:
 Ease of integration
 Magnitude of high and/or low speed benefits
 The physics of how they work…and resulting 

ramifications (e.g. noise impact)

Mini Split
Flap (MSF)

Divergent TE

Mini Plain
Flap (MPF)

Surface Trailing Edge

1-3% Local Chord
Gurney Flap at TE
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Technology Development

System and 
integration 
solutionsActuation 

technology 
development

Aero, Noise,
Airplane Analysis

Testing and 
Validation

Implementation of 
deployable, controllable 
trailing edge elements
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ATE – Development Plan

2011201120102010 2013201320122012

PDR CDR
Final

Report
Flilght Tes

737NG

Wind Tunnel 
TestTradestudy

Ground
Test

Unsteady CFD Analysis
Technology Maturation Actuation Technology

Modeling/Controls/Testing
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Boeing – FAA CLEEN Summary

Working 3 Technology Areas
Alternative Fuels
Oxide CMC Nozzles
Adaptive Trailing Edges

Two Flight Test Demonstration Programs
 2012 – 737 - 800
 2013 – 787

Developing and Working plans for transitioning 
technology to Boeing products
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Suggested Future Workshop Topics

Systems Level Modeling
Accounting for combinations of technologies in SLM
Model validation / long term usage
Mixed origin/ownership technology effects
Accounting for Airframe-specific integration challenges and 

issues

Certification of new technologies
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THANK YOU
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